b s t r a c t
The ''widowhood effect'' (i.e., morbidity/mortality in recently bereaved spouses) may be related to changes in immune function, but little is known about the impact of bereavement on gene transcription in immune cells. This study examined how Complicated Grief and Non-complicated Grief responses to bereavement differentially affect leukocyte gene expression. Genome-wide transcriptional profiling and bioinformatic analyses were completed on 63 older adults. Thirty-six of them had lost their spouse/partner on average 2 years ago, and 27 were nonbereaved, married controls. Twelve of the bereaved participants met criteria for Complicated Grief. Compared to nonbereaved controls, bereavement (both Complicated Grief and Non-complicated Grief) was associated with upregulated expression of genes involved in general immunologic activation and a selective downregulation of genes involved in B lymphocyte responses. However, Complicated Grief and Non-complicated Grief differed markedly in their expression of Type I interferon-related transcripts, with Non-complicated Grief subjects showing substantial upregulation relative to nonbereaved controls and Complicated Grief subjects showing substantial downregulation. Bereavement significantly modulates immune function gene expression. The magnitude of bereavement-related distress (i.e., Complicated Grief vs. Non-complicated Grief) is linked to differential patterns of transcription factor activation and gene expression involved in innate antiviral responses. These findings provide a molecular framework for understanding the health effects of bereavement, as well as new insights into the particular gene modules that are most sensitive to the individual's psychological response to loss.
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Introduction
An extensive body of literature shows an increased risk for morbidity and mortality following bereavement (Boyle et al., 2011) , and distress-related changes in immune cell function have been hypothesized as key mediator for these effects (Glaser and Kiecolt-Glaser, 2005). A long history of research has identified bereavement-related changes in lymphocyte function and their relative proportions in circulation (Bartrop et al., 1977; Gerra et al., 2003; Irwin et al., 1988) . Bereaved widows also show reduced antibody titers to vaccination (Phillips et al., 2006) .Physical health effects may be particularly pronounced in bereaved persons with specific inflammatory genetic polymorphisms (SchultzeFlorey et al., 2012) . Given that bereavement has effects on physical health beyond one year (Martikainen and Valkonen, 1996) , immunological alterations may persist long after the death event.
In response to bereavement, the majority of persons cope resiliently with this potentially traumatic event (Bonanno et al., 2002) . However, a disorder termed Complicated Grief (CG) affects about 7% of bereaved persons and about 20% of conjugally bereaved (Kersting et al., 2011) . CG is characterized by persistent intense grief with ongoing separation distress (Prigerson et al., 2009; Shear et al., 2011) . Bereaved individuals who do not have CG may still experience intermittent distress (e.g., sadness), but such Non-complicated Grief (Non-CG) reactions do not significantly impair their interpersonal or emotional functioning.
To clarify how bereavement influences immune system function more broadly, and to determine how CG might differ from Non-CG in its immunologic effects, we assessed leukocyte genome-wide transcriptional profiles in relationship to empirically-validated diagnostic criteria for CG (Prigerson et al., 1995a; Shear et al., 2011) . Previous social genomics studies have linked
